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The neural crest cells (NCC) arising from trunk neural tube (NT)
give rise to melanocytes, glia and neurons both in primary and
secondary (II) neurulation levels. However, NCC emerging from the
caudal-most (c) region of II neurulation never differentiate into
neurons either in vivo or in vitro (Catala et al., 2000), leading to an
absence of sensory ganglia and nerves. Spinal motoneurons are also
absent at this level (Afonso and Catala, 2005). To elucidate the cause
(s) for cNCC defect, we performed an analysis of the different steps
involved in cNCC generation. We found that most of the markers of
NC induction are present in the dorsal cNT soon after its full
cavitation at E4, at the exception of Msx1 that is never detected. In
spite of this, very few NCC are observed dorsally to the cNT even at
E5. This is likely related to an initial defective acquisition of
mesenchymal phenotype by prospective cNCC, associated with
perturbed BMP (Noggin maintenance) and WNT (Wnt1 absence)
signaling. Concomitantly, a dramatic pattern of apoptosis occurs in
the dorsal moiety of the cNT. Rostral transplantations of either cNT
or c somites showed that the lack of neuronal potentials is an
intrinsic property of cNCC and that somites play a minor role. Ectopic
Noggin expression in the dorsal trunk NT mimics the main features
of the cNCC (scarcity and absence of neuronal derivatives). We are
currently evaluating the roles of Bmp4, Msx1 and Wnt1 in neuronal
speciﬁcation. Our results reveal that the cNT constitutes a valuable




FGF, Notch, and Wnt signaling regulate ophthalmic trigeminal
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In vertebrates, the sensory nervous system arises from two
different cell populations: neural crest and placode cells. Cranial
placodes are ectodermal regions that contribute extensively to the
vertebrate peripheral sensory nervous system. The development of
the ophthalmic trigeminal (opV) placode, which gives rise exclu-
sively to sensory neurons of the ophthalmic lobe of the trigeminal
ganglion, provides an advantageous model for understanding the
stepwise process of neurogenesis. Throughout development, includ-
ing neurogenesis, multiple signaling pathways work in concert to
specify cell fates and promote differentiation. We have identiﬁed
three signaling families: canonical Wnt, FGF, and Notch as candidate
pathways that regulate opV trigeminal placode development. We
demonstrate that inhibition of canonical Wnt signaling results in
cell-autonomous downregulation of Pax-3 protein, the earliest opV
molecular marker, in the trigeminal placode of chick embryos. We
also show that inhibition of each of the Wnt, FGF, and Notch-Delta
pathways, results in targeted cells remaining in the ectoderm,
failing to contribute to the opV ganglion and/or differentiate.
doi:10.1016/j.ydbio.2008.05.245
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PDGF signaling is critical for trigeminal placode formation
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Essential elements of the peripheral nervous system of the head
are derived from ectodermal thickenings, called placodes, that
delaminate or invaginate to form cranial ganglia and sense organs.
Arising lateral to the midbrain, the trigeminal ganglion forms via
interactions between the neural tube and adjacent ectoderm. This
induction triggers expression of Pax3, ingression of placode cells
and their differentiation into neurons. However, the molecular
nature of the underlying signals remains unknown. Here, we
explore the role of PDGF signaling in ophthalmic trigeminal placode
induction. By in situ hybridization, PDGF receptor β is expressed in
the cranial ectoderm at the time of trigeminal placode formation,
with the ligand PDGFD expressed in the midbrain neural folds.
Blocking PDGF signaling in vitro results in a dose-dependent
abrogation of Pax3 expression in recombinants of quail ectoderm
with chick neural tube that recapitulate placode induction. Similarly,
in ovo microinjection of PDGF inhibitor causes a loss of Pax3 as well
as the later placodal marker, CD151, and failure of neuronal
differentiation. This ﬁnding was conﬁrmed by over-expression of a
dominant negative PDGFRβ in the presumptive placodal ectoderm.
Conversely, microinjection of exogenous PDGFD increases the
number of Pax3+ cells in the trigeminal placode and neurons in
the condensing ganglia. Our results provide the ﬁrst evidence for a
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The sensory ganglia of the peripheral nervous system, which
include the dorsal root and cranial ganglia, are entirely or partially
derived from neural crest cells. In a screen designed to identify genes
that were potentially involved in gangliogenesis, sphingosine-1-
phosphate lyase 1 (S1P lyase 1) was isolated as one of the
candidates. Sphingosine-1-phosphate (S1P) is a bioactive lipid that
plays important roles in cell growth, differentiation, and migration;
it can act as a ligand by interacting with 5 G protein coupled
receptors (S1P receptors 1–5) or as a second messenger to regulate
various cellular processes. To determine which S1P signaling
components were present in neural crest, we examined the
expression pattern of S1P receptors as well as the enzymes that
are responsible for its synthesis (sphingosine kinase 1) and
degradation (S1P lyase 1). Our results showed that sphingosine
kinase 1 expression gradually increased as neural crest cells
coalesced and formed dorsal root ganglia (DRG) from embryonic
days (E) 3–4.5, and then began to decrease after E5.5 in the chick
embryos. On the other hand, S1P lyase 1 was expressed in neural
crest cells around E3 and its expression increased continually in
neural crest cells and DRG. Furthermore, we showed that S1P
receptors 1 and 3 were not expressed in neural crest cells and their
derivatives. Taken together, our data indicated that S1P signaling is
involved in DRG development and that S1P may not act through S1P
receptors 1 and 3 in this process. We are currently testing the
function of S1P by manipulating gene expression of sphingosine
kinase 1 and S1P lyase 1 as well as analyzing the sphingosine kinase
1 and 2 mutant mice.
doi:10.1016/j.ydbio.2008.05.247
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